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Complete Abstract: 
This thesis reports on experience with PCESjava, a collection of tools which we have developed for the 
purpose of aiding programmers. Particular applications optimize and instrument JAVA bytecode 
programs. Using these tools, we have successfully identified impediments to real-time performance in a 
popular JAVA collections object. Our approach here is based on automatic instruction to obtain traces 
that show paths whose execution time is not reasonably bounded. We also report on the application of 
our tool to reduce program footprint in JAVA programs by rewriting the bytecodes to occupy less space. 
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ÀVertex
Object contents
List adjacentVertices
List incidentEdges
getContents()
getAdjacentVertices()
getIncidentEdges()
DirectedVertex
List predecessors
List successors
getPredecessors()
getSuccessors()
DFSTVertex
int discoveryNumber
int finishingNumber
getDiscoveryNumber()
getFinishingNumber()
DomVertex
Vertex idom
getIdom()
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Ü<<interface>> Role
Role getCore()
Role addRole(String roleName)
Role removeRole(String roleName)
boolean hasRole(String roleName)
Role getRole(String roleName)
CoreImpl
Role getCore()
Role addRole(String roleName)
Role removeRole(String roleName)
boolean hasRole(String roleName)
Role getRole(String roleName)
RoleImpl
Role getCore()
Role addRole(String roleName)
Role removeRole(String roleName)
boolean hasRole(String roleName)
Role getRole(String roleName)
VertexImpl
Object contents
List adjacentVertices
List incidentEdges
getContents()
getAdjacentVertices()
getIncidentEdges()
VertexRoleImpl
DirectedVertex
List predecessors
List successors
getPredecessors()
getSuccessors()
DFSTVertex
int discoveryNumber
int finishingNumber
getDiscoveryNumber()
getFinishingNumber()
DomVertex
Vertex idom
getIdom()
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MathInstruction 
 D2F
 D2I
 D2L
 F2D
 F2I
 F2L
 I2B
 I2C
 I2D
 I2F
 I2L
 I2S
 L2D
 L2F
 L2I
 DNEG
 FNEG
 INEG
 LNEG
 DADD
 FADD
 IADD
 LADD
 DDIV
 FDIV
 IDIV
 LDIV
 DMUL
 FMUL
 IMUL
 LMUL
 DREM
 FREM
 IREM
 LREM
 DSUB
 FSUB
 ISUB
 LSUB
 ISHL
 LSHL
 ISHR
 IUSHR
 LSHR
 LUSHR
ArrayInstruction 
 gALOAD
 gASTORE
StackInstruction
 ACONST_NULL
 BIPUSH
 CONST_n
 DUP
 DUP_X1
 DUP_X2
 DUP2
 DUP2_X1
 DUP2_X2
 LDC
 LDC_W
 LDC2_W
 POP
 POP2
 SIPUSH
 SWAP
LogicalInstruction 
 wAND
 wOR
 wXOR
ExceptionInstruction 
 ATHROW
ReturnInstruction 
 xRETURN
 RETURN
ClassrefInstruction 
 ANEWARRAY
 MULTIANEWARRAY
 NEW
 NEWARRAY
 CHECKCAST
 INSTANCEOF
BranchInstruction 
 IFEQ
 IFNE
 IFLT
 IFGE
 IFGT
 IFLE
 IF_ICMPEQ
 IF_ICMPNE
 IF_ICMPLT
 IF_ICMPGE
 IF_ICMPGT
 IF_ICMPLE
 IF_ACMPEQ
 IF_ACMPNE
ComparisonInstruction 
 DCMPG
 DCMPL
 FCMPG
 FCMPL
 LCMP
RegisterInstruction 
 fLOAD_n
 fLOAD
 fSTORE_n
 fSTORE
 IINC
 RET
Instruction 
 ARRAYLENGTH
 MONITORENTER
 MONITOREXIT
 NOP
 WIDE
MethodrefInstruction 
 INVOKEINTERFACE
 INVOKESPECIAL
 INVOKESTATIC
 INVOKEVIRTUAL
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SimpleInstruction 
 WIDE
 NOP
 ACONST_NULL
 eCONST_n
 fLOAD_n
 fSTORE_n
 gALOAD
 gASTORE
 POP
 POP2
 DUP
 DUP_X1
 DUP_X2
 DUP2
 DUP2_X1
 DUP2_X2
 SWAP
 eADD
 eSUB
 eMUL
 eDIV
 eREM
 eNEG
 aSHL
 aSHR
 aUSHR
 aAND
 aOR
 aXOR
 b2L
 b2F
 b2D
 D2I
 D2L
 D2F
 I2B
 I2C
 I2S
 LCMP
 cCMPL
 cCMPG
 fRETURN
 RETURN
 ARRAYLENGTH
 ATHROW
 MONITORENTER
 MONITOREXIT
ImmediateByteInstruction 
 BIPUSH
 LDC
 fLOAD
 fSTORE
 RET
 NEWARRAY
 IINC
ImmediateShortInstruction 
 LDC_W
 LDC2_W
 GETSTATIC
 PUTSTATIC
 GETFIELD
 PUTFIELD
 INVOKEVIRTUAL
 INVOKESPECIAL
 INVOKESTATIC
 NEW
 ANEWARRAY
 CHECKCAST
 INSTANCEOF
 SIPUSH
 INVOKEINTERFACE
 MULTIANEWARRAY
BranchInstruction 
 IFEQ
 IFNE
 IFLT
 IFGE
 IFGT
 IFLE
 IF_ICMPEQ
 IF_ICMPNE
 IF_ICMPLT
 IF_ICMPGE
 IF_ICMPGT
 IF_ICMPLE
 IF_ACMPEQ
 IF_ACMPNE
 GOTO
 JSR
 IFNULL
 IFNONNULL
ImmediateIntInstruction 
 GOTO_W
 JSR_W
PaddedInstruction 
 TABLESWITCH
 LOOKUPSWITCH
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switch(opcode) {
do {
opcode = iis.readUnsignedByte();
case NOP:
inst = new NOP(); break;
case ACONST_NULL:
case ...
case ...
} while (iis.bytesRead() !=
iis.getLength());
}
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EXIT
ENTRY
BIPUSH 10
ILOAD_0
IADD
ISTORE_1
ILOAD_1
ICONST_3
IADD
ISTORE_2
ILOAD_1
ILOAD_0
IADD
ISTORE_3
RETURN
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ENTRY
BIPUSH 10
ILOAD_0
DUP_X1
IADD
DUP
ISTORE_1
ICONST_3
IADD
ISTORE_2
SWAP
IADD
ISTORE_3
RETURN
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